Objectives. The purpose of this study was to evaluate the changes in lymphocyte subpopulations that have led to immune system alterations after amalgam restorations were placed. Methods. A controlled, quasi-experimental pretest-posttest design was used to investigate the immune effects of silver amalgam restorations in a sample of 60 individuals (30 experimental and 30 control subjects) aged 18 to 21 y. Two blood samples were obtained 15 d apart from each participant. In each experimental subject, two amalgam restorations were placed in posterior teeth immediately after the first blood sample was collected. The changes in lymphocyte subpopulations in the two groups were compared by multivariate analysis. Resu/ts.There was a greater change inT8 lymphocytes in experimental than in control subjects; increases in B, DR, NK, and CD45R lymphocytes were smaller in experimental than in control subjects; the changes in T3 and T4 lymphocytes did not differ significantly between the two groups. Significance. Despite the statistical significance of some differences between the two groups, the differences are not considered to be clinically relevant for the 2 wk time period after placement.
INTRODUCTION
The biocompatibility of dental restorations made with amalgam has been debated since this material was introduced, and the controversy has become more intense in recent years (Weineret al., 1990) . Mercury is a cellular and protoplasmic toxin that inhibits cell proliferation and destroys the cell membrane. This element stimulates peroxide metabolism by removing hydrogen atoms from inorganic compounds. It also precipitates proteins by binding to their sulfydryl group, reduces cellular RNA, and blocks enzymatic systems (Stidtler, 1991) .
A study in rats showed that the inhalation oflarge amounts of mercury mist, released during high-speed amalgam grinding, leads to the accumulation of this element in different organs and tissues (Cutrightet al, 1973) . Some authors have suggested that mercury released from dental amalgam causes autoimmune diseases and other alterations in the immune system (Eggleston, 1984; Hanson, 1983; Huggins, 1984) . One study raised the possibility that immune dysfunction was traceable to amalgam (Duxburyet al., 1982 1. A longitudinal study by Eggleston (1984) showed that the percentage of T lymphocytes decreased after placement and removal of a restoration. When the filling was replaced with a metal-porcelain crown, lymphocyte numbers increased.
In a quasi-experimental, longitudinal pretest-post&t study of eight individuals, Giuliani et al. (1990) assessed the percentages of total, T3, T4, and T8 lymphocytes, and the T4A% ratio, before, 15 d and 60 d after the placement of an amalgam restoration. They concluded that the amalgam may have had cytotoxic effects, although this was difficult to show conclusively because the study included no control group, and no statistical analysis of the data was done.
In a cross-sectional study of final-year dental (experimental subjects who received restorations 1 and medical students (controls), Eedyet al. (1990) found signilicant differences in total, T3, T4 and T8 lymphocytes, and suggested that amalgam was responsible for the increase in lymphocytes in dental students.
In another cross-sectional study, Mackert et al. (1991) compared total lymphocytes and the percentages of T3, T4, T8, Nk and B lymphocytes in individuals with and without restorations, and used a questionnaire to obtain information on possible confounding variables such as colds and exogenous exposure to mercury. Multifactorial discriminant analysis failed to detect significant differences between the two groups, and these authors concluded that dental amalgam did not affect lymphocyte subpopulations.
Because previous studies have reported contradictory results, and because of the methodological variations between studies, basic immunological techniques were used to analyze lymphocyte subpopulations in healthy individuals who received restorations. Serum immunoglobulin concentrations were also measured. The complement system was studied because its proteic nature may be affected by mercury. The purpose of this study was to evaluate the changes in lymphocyte subpopulations, serum imminoglobulin concentrations and the 
MATERIALS AND METHODS
A quasi-experimental pretest-posttest design with a control group was used. Accordingto Cook and Campbell ( 1979J, quasiexperimental studies are those in which the subjects are not randomly assigned to the intervention or control group, but the intervention itself is experimental. The reference population from which the sample was drawn comprised first and second year dental students at the University of Granada (Granada, Spain) who had had no prior professional contact with amalgam. Inclusion criteria were absence ofamalgam restorations, caries in at least two molars, and absence of any immune system disease or alteration.
The control and study groups consisted of 30 individuals each, a size that allowed confidence intervals to be calculated regardless of whether the data showed a normal distribution.
Two blood samples were obtained by venipuncture 15 d apart in all 60 subjects; all venipunctures were made in early morning. In the intervention group, two amalgam restorations were made immediately after the first blood sample was obtained.
Two Class I restorations were made in molars in each experimental subject under arthricaine anesthesia with 0.5% epinephrine.
The teeth were isolated with cotton rolls; to avoid latex-induced hypersensitivity, a rubber dam was not used.
Or-alloy amalgam t ColtineAG,Altstiitteii, Swrtzei land) was used (0.35 g silver, 0.08 g copper 0.17 g tin, 0.60 g mercury, Batch No. Immunoglobulins /I,@;; I,@1 anal IgA) (mg/lOO ml ) and complement factors ('3.4'4 and propcbr din (mg/lOO ml J were measured for half'of.the control group and half of the experimental group subject ,s:. The data were analyzed st,atisticallyf with t hta SASS f"( ' t statistics program (version4.0. 1990) ISPSS. Chicago, IL. I '$A ) running on a 486-DX series personal computfir
The increase in each variable after 15 d ifinal vaiut niinu:, basal value) was determined in the control and le.-t groups and it was considered dependent variable. in each regression model. The regression model was constructed with a fonvarti step-wise procedure (a variable was included when p < 0.05 and excluded when p > 0.10). Group effect i t,est/'control t ~'a:-considered in multiple linear regression like an independent. variable. assigning a value of I to the t,est group and 0 to t.hta control group. To avoid the effects ofcollineari ty, variables that showed a correlation of 0.75 or greater M'(VY~ not included together in the same model.
For comparison of'the values within r.hc ! t+i group, tht Student's t-test for paired samples was ~isetl t>o determine differences between final values and basal \~~luc+
RESULTS
The changes 111 immunoglobulins and complen~cnt factor? before and after placement of the restoration in the expcri mental group were analyzed and no significant differences were found between the two sets of values (Table 1 1 Total numbers oflymphoc.ytes per cm 'did not difler significantly between the experimental and control groups before or after the restorations were placed. Within each group, there were no differences in total lymphocyte count between the first and second analysis (Table 2 I. Multivariate analysis showed signticant differences between 1 the two groups in the changes in different lymphocyte* subpopulations after 15 d. The experimental group showed if greater change in T8 cells, whereas the changes in B lymphocytes, DR, NK. and CD45R cells, and in the T4T8 ratio, werta greater in the control group. No significant differences were, found between the groups for the change in T3 or T4 cells (Fig.  D A review of the research on immunological changes after the placement of restorations shows that the studies published to date can be broadly divided into two types: cross-sectional (Eedyct al., 1990; Mackert et al. 1991) and longitudinal (Eggleston 1984; Giuliani et al ., 1990) . Comparisons between the two types should be made with caution; cross-sectional studies are more likely to assess the chronic toxicity of mercury in dental care professionals and controls (Eedyet al., 1990) , or in patients with and without amalgam restorations (Mackertet al., 1991) , whereas longitudinal studies concentrate on short-term immunological changes immediately after placement of the restoration to 60 d later. In biological terms, data from these different studies are not comparable.
The results of cross-sectional studies (Eedyet al., 1990; Mackertet al., 1991) suggest that amalgam does not have any long-term effects on the immune system. Multivariate analysis failed to detect differences between patients with and without restorations, despite the large mean number of rest.orations, 13.3 per patient (Mackert et al., 19911 . In other studies, the increase ( 1.2-1.3 mg) in daily mercury intake caused by up to 8 restorations (Macltertet al., 1991; Snapp et al., 1989) was much lower than estimated total mercury intake ( lo-20 mg/d) Vestal 1972; Williams, 1981) .
A comparison of medical students with fifth-year dental students (assumed to be exposed to mercury during patient treatment) showed significant immune alterations in the latter group, although the alterations were of little clinical importance (Eedyet al., 1990) . This study illustrates the pitfalls of oversimplified statistical analysis: because immune phenomena are interrelated, findings of interest may be camouflaged if the analysis does not take into account the covariance between different lymphocyte subpopulations. In the study published by Eedyet al. t l990), the difference between the groups of dental and medical students was assumed to be the presence of amalgam restorations; however, many other potentially toxic substances (e.g., latex, epoxide resin) routinely handled by dental students may have contributed to the results. Moreover, members of both groups had amalgam restorations, which may have compounded the effects of amalgam handled in the course of practice.
of the longitudinal studies published trill date, one (Eggleston, 1984) is actually a report of case st.udies. Despite the methodological limitations of this report (sample size, lack of statistical analysis), it has frequently been cited as proof of the problems associated with amalgam (Bang and Lain, 1986; Brune, 1986; Van Noortet al., 1987; Ziff, 1984; Ziff and Ziff, 1986 ) . The only immunological parameter examined in this study was the percentage of T3 lymphocytes, which was shown to increase when restorations were removed, and to decrease when they were replaced. The study was the first of its type to appear, and generated a useful working hypothesis. But this report cannot be interpreted as a epiderniological study; it is simply a report of two clinical cases.
The absence of changes in serum immunoglobulins and complement factors could suggest that the placement of Fig. I .The data was combined. The represented data shows differences (adjusted by multiple linear regression, with a 95% confidence interval) in the changes in lymphocyte subpopulations after 15 d between test and control group (increases in lest group minus increases in control group). Differences in the increases between both groups were statistically significant but they were small differences (each bar in the graphic represents the size of the differences). Changes inT8, LB, DR, NK, and 45R were significant. restorations did not alter immune function. This is in agreement with an earlier study (Mackertet al., 19911, but contradicts the finding by Giulianiet al. ( 1990) that mercury caused cytotoxic hypersensitivity. If amalgam had this effect, it would have been seen as an increase in the proportion of NK cells. Although mercury may alter the proportions of lymphocyte subpopulations, this effect seems to be without clinical signihcance.
The study of eight patients by Giulianiet al. ( 1990) most closely resembles the present study in design, although these authors did not use a control group. They reported that T3, T4 and T8 lymphocytes tended to decrease after placement of amalgam fillings, although their statistical analysis was based on insufficient sample size.
The percentages of T3 lymphocytes in this study were within the normal range (ideal 70-80%, normal 5380% 1 (Noceet al., 1984) . The 4.93% increase in the T8 subpopulation was significantly greater in the experimental group than in controls. The changes in T4PT8 ratio, B lymphocytes (-3.39% 1, DR cells (-2.33%)NKcells (-4.31%), and45Rcells (-5.68%) were significantly smaller in subjects who received restorations than in controls. These changes are due to unkown factors influencing the immune system, perhaps the amalgam or the fact that the carious infection was eliminated in the test group decreased these changes. In fact, there are many factors, some ofthem out of our control, that can produce these changes in cells of T lineage. The results of multivariate analysis show that the explanatory power of the models containing the variables for T3, T4 and T8 lymphocytes, and for the T4PT8 ratio, was lowei than that of models containing the remaining variables. In other words, the findings in this study were more reliable for B, DR, NK and 45R lymphocytes than for cells of T lineage. The distinction between statistical significance and clinical significance deserves some comment. Statistical significance is influenced by sample size; clinical significance. on the other hand, is determined by the difference between the experimental and control groups. The only study to distinguish between the two is that of Eedy and colleagues (Eedy et al., 1990) , who noted that despite the statistical significance of their findings, they could not be considered clinically relevant, as all figures were within normality Assuming that mercury is toxic, the next question that needs to be asked is whether the percentage of mercury in amalgam represents a health risk. Although significant changes in immune parameters have been found in individuals who received restorations, the changes should not necessarily be interpreted as evidence of a clinically significant effect. Therefore, it is concluded that the alterations in lymphocyte subpopulations found at 2 wks post-amalgam are of no clinical relevance. These results suggest that mercury in dental amalgam does not constitute a health risk to individuals who have just received restorations.
